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(54) OPTICAL TOMOGRAPHIC IMAGE IMAGING DEVICE 

(57)Abstract: 

PURPOSE: To obtain the tomographic image of an 
organism and the like by light permeation based on the 
same principle as that for the X-ray CT by radiating the 
high-directivity light to a sample while the light radiation 
angle is changed in sequence, detecting the intensity 
distribution of only the light straightly permeating the 
sample into a dislocation shape via a high-directivity 
optical system, and synthesizing the tomographic image 
from the detected intensity distribution at each radiation 
angle. 

CONSTITUTION: The planar and parallel light P radiated 
from a laser array 1 collides with a specific cross 
section of a sample S, and only the light straightly 
permeating it is separated and extracted from the 
scattered component by a high-directivity optical 
system 3 and detected by a detector array 4. The 
detected signal is synchronously detected by the drive 
signal of a chopper C, and the absorption distribution in 
the cross section direction is measured by a data 

processing section 6. The data processing section 6 rotates a sample table 11 via a sample 
table controller 9 and a sample table drive section 10, it measures the absorption distribution 
from relatively different angle to the sample S, and it obtains the two-dimensional distribution 
image of the cross section, i.e., the optical tomographic image, by arithmetic processing. The 
sample table 1 1 is slightly moved in the perpendicular direction to the cross section via the 
sample table drive section 10, the two-dimensional distribution image of the adjacent cross 
section is obtained, and these actions are repeated to obtain the three- dimensional distribution 
image of the sample S. 
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Ja panese Patent Lavine-Open No. 4-122248 (Reference 5) 



As shown in Figs. 13 to 20, a high directivity optical system (Fig. 13) including 
an objective lens Ob and a pinhole P located at the focal plane of objective lens Ob for 
transmitting only a zero-order Fraunhofer-diffracted image generated by objective lens 
Ob, a high directivity optical system (Fig. 14) including a gradient index lens GL and a 
similar pinhole P located at the focal plane on one end of the lens, high directivity 
optical systems (Figs. 15 and 16) where pinhole P is replaced with an optical fiber SM 
functioning similarly to the pinhole, high directivity optical systems (Figs. 17 and 19) 
including an objective lens Ob2 similar to an objective lens Ob2 on the incident side 
and placed on the emission side with respect to a pinhole P or optical fiber SM of the 
above-referenced high directivity optical systems, and high directivity optical systems 
(Figs. 18 and 20) including a gradient index lens GL2 similar to gradient index lens 
GL1 on the incident side have been proposed. Further, it has also been proposed that 
an absorption distribution in a scatter body such as living body can be detected by 
combining a multibeam high-directivity optical system configured to include multiple 
high-directivity optical systems as described above, with a one-dimensional or two- 
dimensional detector. 

A basic structure of an optical tomography imaging apparatus of the present 
invention is shown in Fig. 1 . The apparatus includes a laser array 1 emitting plane 
parallel light P, a chopper C chopping this plane parallel light P by opening and closing 
in predetermined cycles, a high directivity optical system 3 extracting only the straight 
traveling light having been transmitted through a specimen S, a detector array 4 
disposed on the emission side of high directivity optical system 3 for detecting a one- 
dimensional distribution of the straight traveling light, a synchronous wave detector 5, 
an absorption distribution calculating unit 7, a three-dimensional distribution 
calculating unit 8, a specimen stage control unit 9, a specimen stage drive unit 10, and a 
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specimen stage 1 1 . High directivity optical system 3, detector array 4, and 
synchronous wave detector 5 constitute a detection unit 2, and absorption distribution 
calculating unit 7 and three-dimensional distribution calculating unit 8 constitute a data 
processor unit 6. High directivity optical system 3 is any of high directivity optical 
systems like those shown in Figs. 1 1 to 20, or a combination of a plurality of these high 
directivity optical systems arranged in the form of a one-dimensional array, where one 
light receiving device of detector array 4 is disposed on the emission end of each 
channel. In the case of Fig. 1 , each light receiving device is PM or APD, a 
synchronous-photon-counting detector is used for each channel, and many 
synchronous-photon-counting detectors as shown in Fig. 21 are arranged in parallel to 
configure detector unit 2. It should be understood that another system, such as 
synchronous charge accumulation type optical detection system for example, may also 
be employed. 

Fig. 3 shows that laser array 1 is arranged along the circumference of a circle so 
that plane luminous flux P having converged and then traveling in the form of plane 
spreading light illuminates specimen S. The light from each laser device thus travels 
toward the center of the circle. Therefore, the light traveling straight through 
specimen S also proceeds via the center. It is therefore necessary to arrange channel 
devices of high directivity optical device 3 so that the optical axis is located opposite to 
each laser device. Thus, as shown in Fig. 3, high directivity optical device 3 is also 
arranged in the form of an arc on the circumference of the circle having the common 
center with arc-shaped laser array 1 . In order to obtain projection images of specimen 
S taken at different angles, specimen S may be rotated about the axis perpendicular to a 
cross section to which plane light is directed. Alternatively, laser array 1 and high 
directivity optical device 3 keeping the relative positional relation therebetween may be 
rotated about the aforementioned axis as indicated by the arrows in Fig. 3. 

Fig. 4 shows an example where one laser device 12 is used instead of the laser 
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array, the light from this laser device 12 is deflected by a deflection mirror 1 3 toward a 
scan mirror 14, scan mirror 14 is rotated as indicated by the arrow in Fig. 4 to generate 
plane scan light P that successively turns in the plane for scanning. Specimen S is 
irradiated with this plane scan light P. Only the light traveling straight through the 
specimen is separated from scattering components by high directivity optical system 3. 
The straight traveling light is detected by detector array 4. In this way, an absorption 
distribution image of specimen S may also be obtained. In order to obtain projection 
images of specimen S taken at different angles, specimen S may be rotated. 
Alternatively, as indicated by the arrows in Fig. 4, deflection mirror 13 and scan mirror 
14 may be rotated about the axis passing through the incident point of deflection mirror 
1 3 and perpendicular to the plane of scan light P . In this case, high directivity optical 
device 3 and detector array 4 are effectively arranged annularly and fixed to surround 
specimen S. Apparently, in a similar manner to that shown in Fig. 3, as deflection 
mirror 13 and scan mirror 14 are rotated, high directivity optical device 3 and detector 
array 4 may be rotated simultaneously about the same central axis. A solution for a 
change of the incident light angle will be described later. 
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GROUNDS 

<2> It is recognized that, because the invention described in Claim(s) of SCOPE OF 
CLAIMS FOR PATENT of the present application is the same as the invention 
described in the following publication(s) distributed or the invention as made available 
to the public through electric telecommunication lines in Japan and/or foreign countries 
prior to the filing of the present application, a patent cannot be granted thereto under the 
provision of Paragraph 1 (iii) of Article 29 of the Patent Law. 

<3> It is recognized that, because the invention described in Claim(s) of SCOPE OF 
CLAIMS FOR PATENT of the present application could have been invented readily by 



a person having ordinary knowledge in the field of the art to which the present 
invention pertains prior to the filing of the present application based on the invention as 
described in the following publication(s) distributed or the invention as made available 
to the public through electric telecommunication lines in Japan and/or foreign countries 
prior to the filing of the present application, a patent cannot be granted thereto under the 
provision of Paragraph 2 of Article 29 of the Patent Law. 



REMARKS (See the list of the cited references.) 



Claims 1, 2, 7, 8, 9/Reference 5/Grounds 2, 3 

Reference 5 discloses the invention of an optical projection tomography 
apparatus (Reference Invention 5) including: 

- a specimen stage 1 1 and a specimen stage drive unit 10 (Fig. 1, "rotary stage"); 
-a laser 12 (Fig. 4); 

- a deflection mirror 13 and a scan mirror 14 ("scanning means", "part of a 
confocal scanning microscope"); 

- a detector array 4 disposed limitedly in a laser beam scan angle range (Fig. 3, 

"localized detector"); and 

- a high directivity optical system 3 ("optical system") including a convex lens 
for allowing only the straight traveling light transmitted through a specimen to enter a 
detector (Figs. 13, 15, 17, 19); wherein 

- the apparatus operates so that only the straight traveling light transmitted 
through the specimen ("light which exits the specimen which is parallel to the incident 
beam") obtained by scanning over the whole scan angle of a laser beam is directed by 
the scan mirror 1 4 to each detector of the detector array. There is find no particular 
difference between the invention claimed in the above-referenced claims and Reference 
Invention 5. 



Claim 3/References 5, 2/Ground 3 

Reference 2 discloses, regarding an optical tomography apparatus by means of 
transmitted light, a plurality of sensors are arranged on the side where the light is 
transmitted through a specimen, with respect to the source light, the sensors include a 
sensor disposed on the axis of the incident light of the source light and used for 
detecting a straight traveling light component, and other sensors out of the axis used for 
detecting scattered light. 

Claim 4/References 5, 1/Ground 3 

It is well known to arrange sensors two-dimensionally in an optical tomography 
apparatus by means of transmitted light (see Reference 1). 

Claims 5, 6/References 5, 1, 2/Grounds 2, 3 

Regarding Reference Invention 5, it is apparent that rotational positions of a 
specimen stage should be indexed for reconstructing an image. 

Further, Reference 5 discloses the relation as recited in claim 6 between raster 
scanning and rotation of a specimen. 
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<4> It is recognized that the present application does not satisfy the conditions 
prescribed in Paragraph 6 (ii) of Article 36 of the Patent Law because of the 
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REMARKS 



(1) Regarding claim 7, it is unclear which part of the confocal scanning 
microscope is intended by "part of a confocal scanning microscope". For example, 
scanning mechanism is also a part of the confocal scanning microscope. Therefore 
the invention claimed in claim 7 is not clear. 

Reason(s) that this is final Notice of Grounds of Rejection 

This notice is one which notifies only the grounds of rejection which are 
necessitated by amendments made in response to a previous non-final Notice of 
Grounds of Rejection. 



